The objective of this study is to construct an International Database of HOme blood pressure in relation to Cardiovascular Outcome (IDHOCO). The main goal of this database is to determine outcome-based diagnostic thresholds for the self-measured home blood pressure (BP). Secondary objectives include investigating the predictive value of white-coat and masked hypertension, morning and evening BP, BP and heart rate variability, and the home arterial stiffness index. We also aim to determine an optimal schedule for home BP measurements that provides the most accurate risk stratification. Eligible studies are population-based, have fatal as well as nonfatal outcomes available for analysis, comply with ethical standards, and have been previously published in peer-reviewed journals. In a meta-analysis based on individual subject data, composite and causespecific cardiovascular events will be related to various indexes derived by home BP measurement. The analyses will be stratified by a cohort and adjusted for the clinic BP and established cardiovascular risk factors. The database includes 6753 subjects from five cohorts recruited in Ohasama, Japan (n ¼ 2777); Finland (n ¼ 2075); Tsurugaya, Japan (n ¼ 836); Didima, Greece (n ¼ 665); and Montevideo, Uruguay (n ¼ 400). In these five cohorts, during a total of 62 106 person-years of follow-up (mean 9.2 years), 852 subjects died and 740 participants experienced a fatal or nonfatal cardiovascular event. IDHOCO provides a unique opportunity to investigate several hypotheses that could not reliably be studied in individual studies. The results of these analyses should be of help to clinicians involved in the management of patients with suspected or established hypertension.
INTRODUCTION
Hypertension, one of the most important challenges facing public healthcare worldwide, cannot be prevented, detected, treated, or controlled without accurate and practical methods for blood pressure (BP) measurement. 1 Self-measurement of BP at home seems to offer specific advantages over conventional clinic measurement, as it allows for the identification of patients with white-coat, masked and sustained hypertension, with readings taken under standardized conditions, little measurement variability and good reproducibility. 2 Home BP measurement is also a method appealing to most patients that can lead to better BP control by increasing awareness of hypertension, and adherence to and persistence of drug treatment. 3, 4 Furthermore, home BP seems to be closely associated with hypertensive end-organ damage than clinic BP, even for a low number of measurements. 5, 6 More importantly, some studies, [7] [8] [9] [10] though not all, 11, 12 have suggested that home BP could have a stronger predictive power for future cardiovascular events than clinic BP.
In addition to its benefits, home BP measurement has become widely available for the general public owing to the introduction of small devices that are easily and reliably operated. Already in 2005, 64% of American hypertensive patients owned a home BP monitor. 13 In contrast to ambulatory BP monitoring, self-measurement of BP is cheap and simple, with most of the advantages offered by ambulatory monitoring.
Despite the numerous advantages of home BP measurement, the diagnosis and treatment of hypertension are still mainly based on clinic BP values. One reason for this is that the outcome data on the prognostic significance of home BP has been limited and has provided somewhat equivocal results. [7] [8] [9] [10] [11] [12] In addition, the widespread clinical use of home BP measurement has been limited by the lack of a generally accepted reference frame and operational thresholds for initiating treatment, as the current recommendations on home BP measurement mainly rely on statistical parameters derived from cross-sectional analyses of reference populations instead of the outcome data. [14] [15] [16] [17] [18] Collaborative meta-analyses of individual subject data constitute a powerful research tool to clarify the role of cardiovascular risk factors in relation to total and cause-specific mortality and morbidity, over and beyond the prognostic information generated by single cohort studies. 1 Earlier quantitative overviews have already dramatically refined our understanding of the risk conferred by clinic and ambulatory BP. 1, 19 Furthermore, the currently recommended population-based thresholds for normal ambulatory BP have been determined in an outcome-driven meta-analysis of individual subject data. 20 In contrast, the operational thresholds for self-measured home BP have been determined in cross-sectional meta-analyses, which have lacked a prospective dimension. 16, 21 As a result, both studies concluded that establishing an operational threshold for selfmeasured home BPs requires that the relationship between home measurements and the incidence of cardiovascular complications be clarified further by prospective studies. 16, 21 We therefore built a shared new resource of prospective studies conducted in the general population, with the objective of elucidating with great precision to what extent home BP improves risk stratification over and beyond clinic BP. We chose IDHOCO as the acronym for the new International Database of HOme blood pressure in relation to Cardiovascular Outcome.
METHODS

Study eligibility
Eligible studies are those performed in population samples. At least two baseline home and clinic BP measurements, and information on subsequent fatal and nonfatal outcomes should be available. Studies only qualify for inclusion in IDHOCO if they have been ethically approved, if at enrollment participants gave informed consent, and if they have been reported in peerreviewed journals.
Identification of studies
On the basis of our knowledge of the literature, we identified six large-scale studies, with self-measured home BP measurement with outcome data: the Ohasama study, 8, 10 the Finn-Home study, 9 the Montevideo study, 22 the Pressioni Arteriose Monitorate E Loro Associazioni study, 12 the Tsurugaya study 23, 24 and the Didima study. 11 An electronic search of the literature performed in February 2012, using as search terms 'home BP' , 'self-measured BP' and 'population' did not reveal any other eligible study in a general population. We will repeat searches at 6-month intervals.
Data collection
The IDHOCO database is constructed and maintained at the Studies Coordinating Centre in Leuven, Belgium. Although respecting medical confidentiality and national legislations on the protection of privacy, investigators will provide information in electronic format on each participant's baseline characteristics, anthropometrics, background information on previous medical conditions and medications, clinic BP and home BP measurements. With regard to follow-up, the information to be computerized includes duration of follow-up, vital status at the end of follow-up, and the incidence of fatal and nonfatal events.
After integration of the participants' information into the database, each investigator will receive detailed summary statistics of his cohort. This process should help to ensure that the common database incorporates correct information, and that there will be no conflicts between data to be used in the meta-analysis and those already reported by individual investigators in the literature. The IDHOCO database will be held in strict confidence and will not be used in any publication without the permission of an investigator who has contributed data to a given analysis.
The clinic BP should be measured by a standard mercury sphygmomanometer or a validated automated device using the appropriate cuff size. The average of the first two clinic BP readings obtained in the sitting or supine position will be used for analysis. The thresholds proposed by American Heart Association Council on High Blood Pressure Research 14 and the European Societies of Hypertension 25 will be used for the classification of participants according to their clinic and home BP. Patients on BP-lowering drugs will be classified as hypertensive, irrespective of the measured BP.
Home BP should be measured with a validated, automated device, using the appropriate cuff size. Home BP measurements should be unedited. The monitors should have been validated according to the European Society of Hypertension, 26 British Hypertension Society 27 or the Association for the Advancement of Medical Instrumentation 28 guidelines. At the Studies Coordinating Centre, the same SAS macro will process all individual home BP measurements. Editing will be limited to deleting those with a systolic BP lower than or equal to the diastolic BP. Subjects with only one home or clinic measurement will not be considered for analysis.
Other measurements
Data transfer will include detailed information on each subject's medical history, smoking and drinking habits, and intake of medications. Body mass index will be calculated as body weight in kilograms divided by height in meters squared. Diabetes mellitus will be defined as a self-reported diagnosis, a fasting or random blood glucose level of at least 7.0 to 11.1 mmol l À1 , respectively, or the use of antidiabetic drugs. Previous cardiovascular disease includes cardiac, cerebrovascular and peripheral vascular disorders.
Definition of primary and secondary outcomes
The primary analysis will be performed for a composite cardiovascular endpoint, including cardiovascular mortality, nonfatal myocardial infarction, surgical and percutaneous coronary revascularization, heart failure, pacemaker implantation and stroke. If a subject experienced more than one cardiovascular event, only the first will be considered for analysis. Secondary analyses will be conducted on the following outcomes: (i) all-cause mortality; (ii) cardiovascular mortality; (iii) noncardiovascular mortality; (iv) cerebrovascular events (fatal and nonfatal stroke); (v) coronary events (mortality from ischemic heart disease and sudden death, nonfatal myocardial infarction and coronary revascularization); (vi) cardiac events (coronary events, fatal and nonfatal heart failure, pacemaker implantation and other cardiac deaths).
The events will be classified according to the ICD-10 (International Statistical Classification of Diseases, 10th Revision) code associated with the event. In case the ICD codes are not available in the transferred data, the definition of events as given by the investigators will be accepted with reference to the publication on each cohort in the peer-reviewed literature.
Analyses
For database management and statistical analysis, SAS software version 9.3 (SAS Institute, Cary, NC, USA) will be used.
In exploratory analyses, incidence rates per 1000 subject years will be plotted by quantiles of the home systolic and diastolic BPs, whereas standardizing by the direct method for cohort, sex and age (o40, 40 to 60, and X60 years). The number of quantiles will depend on the number of events available for analysis.
Next, the association between the outcome and home BP will be assessed using the Cox proportional hazards model. Both unadjusted and adjusted analyses will be performed. Adjusted analyses will include the following covariables: cohort, sex, age, body mass index, smoking habits, serum total cholesterol, diabetes mellitus, treatment with antihypertensive drugs and history of cardiovascular disease at enrollment. Possible missing continuous covariables will be interpolated from the regression slope on age after stratification for cohort and sex. Missing categorical covariates will be replaced with a design variable to the cohort-specific and sex-specific mean of the codes (0,1). Adjustment for cohort will be made through the use of a stratified Cox model or by introduction of design variables in the Cox models. Sensitivity analyses will be performed in untreated subjects, in subjects below and above 50 years of age, and in subjects with and without a previous history of cardiovascular disease. In addition, sensitivity analyses will always be conducted excluding one cohort at a time. This should confirm that results are consistent across cohorts and are not being driven by a single population.
Diagnostic thresholds for the self-measured home BP will be obtained in five steps. First, the 10-year absolute risk of cardiovascular endpoints associated with various thresholds on clinic BP measurement will be calculated from a Cox model, with the clinic BP entered as a continuous covariate. Second, 10-year incidence rates of cardiovascular endpoints associated with home BP levels ranging from the 5th to the 95th percentiles, using intervals of 0.1 mm Hg will be computed. In a third step, the home BP levels that are associated with the same cardiovascular risk as the clinic BP thresholds will be selected. Next, the bootstrap distribution of the so-obtained diagnostic thresholds for the home BP will be calculated by randomly resampling the study population 1000 times with replacement, using the PROC SURVEYSELECT procedure, as implemented in the SAS package. For each new sample, the first three steps will be repeated. The TIES_EXACT option in the PROC PHREG procedure will be used to account for tied event times caused by the re-sampling procedure. Finally, the bootstrap point estimates and 95% confidence intervals of the home BP thresholds will be used to suggest cut-off limits for various levels of the self-measured BP at home. 29 
Research objectives
Outcome-driven diagnostic thresholds for home BP. Although BP is continuously distributed, clinicians need a diagnostic reference frame to interpret home BP values and to classify patients. Current guidelines propose operational thresholds for home BP, but these limits rely mainly on the distribution of the home BP in normotensive reference populations or on the regression of home on clinic BP. 14, 15 Generating outcome-driven diagnostic thresholds for home BP is the major objective of the IDHOCO research consortium.
The relation between cardiovascular outcomes and BP, irrespective of the technique of measurement, is usually considered to be log-linear and continuous. 1 Nevertheless, we chose to adhere to the general consensus in the current guidelines and plan to determine the levels of the home BP that yield risks equivalent to those associated with optimal and normal BP, and hypertension in clinic measurements. 14, 25 As an alternative approach, we will also calculate the levels of the home BP resulting in a 5 or 10% overall cardiovascular risk over 10 years. The latter procedure does not involve any assumption of risk associated with clinic BP.
Home BP measurement to refine risk stratification. In clinical practice, home BP measurement is used to refine risk stratification. Along this line, IDHOCO will constitute a powerful resource to address several issues related to the prognostic significance of home BP. The preliminary list of home BP indexes, of which the predictive value will be investigated, includes the following: (i) white-coat and masked hypertension; (ii) the BP levels during morning and evening, and their ratio; (iii) measures of home-measured BP and heart rate variability, (iv) the home heart rate; and (v) pulse pressure and the home arterial stiffness index. In addition, we will investigate to what extent diabetes mellitus or a history of cardiovascular disease, as compared with the absence of these conditions, impacts on the prognostic accuracy of the home BP. We will also try to determine the optimum number of BP self-measurements to be taken at home requested for an accurate prediction of cardiovascular risk. All aforementioned analyses will explore whether the indexes derived from home measurement are predictive over and above those derived from clinic BP readings. Results from analyses, which require a dichotomization of the study population, such as those of white-coat and masked hypertension, will be confirmed by analyses that include the exposure variables as continuous measurements. It is also our intention to construct risk charts similar to those implemented in the NIPPON DATA80, 30 Framingham 31 or SCORE 32 systems, but including home BP as an additional risk factor.
RESULTS
Of the six existing studies, we excluded one, because follow-up did not include nonfatal events. 12 After contacting the investigators of the five eligible studies representing two Asian, one South American and two European cohorts, all were willing to participate in the IDHOCO database and had outcome data available. These cohorts were recruited by inviting (i) the whole adult 8, 10, 11 or elderly 23, 24 population of a single community; (ii) a random nation-wide sample aged 44-74 years drawn from the population register; 9 or (iii) a random city-wide adult sample drawn from individuals registered in a nonprofit mutual medical scheme, 22 to take part in the respective studies.
Currently, the IDHOCO database includes 6753 subjects: 2777 residents of Ohasama, Japan; 8,10 a nation-wide population sample of 2075 residents of Finland; 9 836 residents of Tsurugaya district, Sendai, Japan; 23, 24 665 residents of Didima, Greece; 11 and 400 inhabitants of Montevideo, Uruguay. 22 Table 1 lists the characteristics of these subjects by cohort. Overall, these five cohorts include 3806 women (56%), 1444 smokers (21%), 554 diabetic patients (8%) and 566 participants with previous history of cardiovascular disease (8%). Mean age (5th to 95th percentile interval) was 59.1 years (36.2-79.8).
Of the 3093 hypertensive patients (46%), 1465 (47%) were taking BP-lowering drugs.
The clinic BPs were obtained at an examination center, and were measured with a mercury sphygmomanometer 9,11 or a validated automatic monitor 33,34 after a 2-or 5-min rest in the sitting position. In the Tsurugaya cohort, clinic BP was measured in the supine position after a 2-min rest during pulse-wave velocity measurement 35 ( Table 2) . Less than two clinic BP measurements were available in 267 subjects. Mean values in the remaining 6486 subjects were 134.0±20.5 mm Hg systolic and 79.0±11.8 mm Hg diastolic (Table 1 ). The home BP measurements were obtained at the subjects' homes after a 2-5-min rest with a validated, 33,36-38 oscillometric device in the sitting position (Table 2) . Less than two home BP readings were available in 18 subjects. The mean home systolic and diastolic BPs in the remaining 6735 subjects averaged 127.0 ± 18.1 mm Hg for systolic and 76.1±10.0 mm Hg for diastolic (Table 1) . Two subjects had less than two clinic and less than two home BP measurements available. The clinic and home BPs in the 6470 subjects with more than one home and clinic measurement are depicted by sex and age in Figure 1 . In this cohort, data on total serum cholesterol and body mass index was missing in 133 (118 from Ohasama) and 382 (353 from Ohasama) subjects, respectively.
The ascertainment and definition of events in the cohorts has been previously described in more detail and is summarized in Table 3 . [8] [9] [10] [11] 22, 24 Table 4 shows the number of events in each cohort currently included in the database. Mean follow-up time was 9.2 years (median 8.3 years, 5th to 95th percentile interval, 4.1-16.8 years) and ranged from 5.2 years (median 5.5 years, 5th to 95th percentile interval, 2.3-5.6 years) in Tsurugaya to 11.8 years (median 11.9 years, 5th to 95th percentile interval 3.5-16.9 years) in Ohasama. In the overall study population, during a total of 62 106 person-years of follow-up, 852 subjects died and 740 participants experienced a fatal or nonfatal cardiovascular event. The unadjusted incidence of fatal and nonfatal cardiovascular events averaged 12.3 events per thousand 587 (21) 482 (23) 102 (12) 169 (26) 104 (26) 1444 (21) Diabetes mellitus, no (%) 252 (9) 130 (6) 124 (15) 30 (5) 18 (5) 554 (8) Cardiovascular disease, no (%)
90 (3) 251 (12) 132 (16) 59 (9) 34 (9) 566 (8) Antihypertensive treatment, no (%) 510 (18) 470 (23) 348 (42) 94 (14) 43 (11) 1465 (22) Hypertension, no (%) 1017 (37) 1146 (55) 609 (73) 232 (35) 89 (22) 3093 (46) Abbreviation: n.a., not available. Data are mean (s.d.) or number of patients (%). Home blood pressure is the mean of all available readings. 20, 39 Along similar lines, the objective of the present IDHOCO project is to construct an international population-based database, using individual subject data with the objective to give clinicians a diagnostic reference frame to interpret self-measured home BP values and to classify patients.
Clinicians need guidance about efficient diagnostic strategies and evidence-based medicine clearly includes evidence-based operational thresholds. Systematic reviews and accompanying meta-analyses are the cornerstones of evidence-based medicine. Conventional systematic reviews and meta-analyses, however, rely on aggregated information.
As there is no access to data other than those reported by the original authors, these meta-analyses are restricted by the analyses performed in the original studies, making it impossible to perform more detailed analyses. An individual subject meta-analysis allows the use of the same statistical approach and quality standards across studies, and the heterogeneity between cohorts can be better assessed. Although a meta-analysis using individual subject data can be time consuming due to efforts required for data acquisition, extraction and merging, we decided that this was the best possible approach for reaching our study objectives.
We opted not to mix cohorts of hypertensive patients and random population samples in our meta-analysis as the main purpose of the IDHOCO project is to determine diagnostic thresholds for the general population. We believe that the external validity and generalizability of population-based results are larger than those emerging from cohorts of selected hypertensive patients, especially when the large sample size of IDHOCO enables subgroup analyses of, for example, subjects with and without diabetes, antihypertensive treatment, or previous history of cardiovascular disease. Furthermore, in hypertensive patients, BP-lowering treatment can be a confounder with too large an impact to adjust for. Indeed, in the patients randomized to placebo in the Systolic Hypertension in Europe trial, systolic BP predicted the incidence of cardiovascular complications. In contrast, in the active-treatment group, systolic BP at entry did not significantly predict cardiovascular endpoints, regardless of the technique of BP measurement. 40 In the five cohorts currently included in the database, only one-fifth of the patients were on antihypertensive drug treatment at baseline. All analyses will be adjusted for antihypertensive drug treatment. In addition, a sensitivity analysis in untreated subjects is planned to show whether or not the results are confounded by antihypertensive drug treatment.
We hope that IDHOCO will, like its sister study IDACO, 39 provide investigators the opportunity to investigate several hypotheses that could not be reliably studied from smaller individual cohorts. For instance, the current guidelines on home BP measurement make equivocal recommendations for the optimal schedule of home BP measurement. 14, 15, 17 We plan to assess how the number and timing (morning vs. evening) of measurements affects the prognostic value of self-measured BP, so that definite instructions can be given to patients on how and when to measure their home BP. It should also be possible to assess in this project how antihypertensive medication and medication subtypes affect morning and evening BP, and their relation to outcome. The clinical significance of masked and white-coat hypertension is also still somewhat controversial. 41 We hope to determine whether masked or white-coat hypertension are independent predictors of cardiovascular risk or whether home BP itself, along with other traditional risk factors, may be enough to stratify cardiovascular risk. One topic that needs further clarification as well is the prognostic significance of the variability in homemeasured BP and heart rate, as preliminary data show that both could be independent predictors of cardiovascular events. 42, 43 Despite all advantages, the future results of IDHOCO project must be interpreted within the context of their potential limitations. First, the anthropometric characteristics and the time of recruitment differed between cohorts. Second, the clinic and home BP measurements were not standardized in terms of device type, number of maximum measurements and intervals between readings. Third, the availability of endpoint data differed between cohorts. Fourth, information on serum cholesterol levels was not available for the Didima population. However, we will extrapolate total cholesterol values for the Didima population by sex and 10-year age strata from data provided by the ATTICA study investigators from a large population cohort examined in the same time period and in the same geographical area as the Didima cohort. 44 Both in the United States and in Europe, home BP measurement is now recommended for almost all patients with hypertension. 13, 15 Despite this, fundamental questions regarding this method remain unanswered. We hope that IDHOCO will provide a unique opportunity to investigate several hypotheses that could not reliably be studied from individual studies. The results of these analyses should inform guidelines and be of help to clinicians involved in the management of patients with suspected or established hypertension. Abbreviation: n.a., not available. a Heart failure deaths in Finland are classified according to the cause underlying heart failure. b Includes valvular disease (n ¼ 11), hypertensive heart disease (n ¼ 6), endocarditis (n ¼ 1) and 'unspecified disorder of circulatory system' (n ¼ 1). c Cardiovascular mortality plus stroke and cardiac events. d Coronary events, fatal and nonfatal heart failure, pacemaker implantation and other cardiac deaths. e Mortality from ischemic heart disease and sudden death, and incidence of myocardial infarction and coronary revascularization. f Fatal and nonfatal strokes. Composite events do not add up since they include only the first event. 
